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(54) Information reproducing apparatus and method and error correction system 



(57) An information reproducing apparatus im- 
proved is provided with: an optical pickup (11 ) for read- 
ing record information recorded on an optical disc (1 00) 
and outputting a read signal; an error correction circuit 
(15) for executing an error correction process with re- 
spect to the outputted read signal and outputting output 
data through the error correction process corresponding 
to the record information; and a buffering memory de- 



vice (17) for buffering the outputted output data. The ap- 
paratus is further provided with a microcomputer (20) 
for altering the error correction process in the error cor- 
rection circuit depending on a memory status of the buff- 
ering memory device, if in the error correcting device, 
an error is detected in the read signal or an error ratio 
of the error becomes greater than a predetermined 
threshold value. 



O 

io 

00 

00 
00 
CO 



Ol 

UJ 



c 



100 



19 



SPINDLE 
MOTOR 



LB 



PU 



Sr 



RFEQ 



11 



13 



20 



Seq 



ERROR 
CORRECTION 



r 

15 



De 



D1 



BUFFERING 
MEMORY 



17* 
Sc7 



Dout 



Dm 



MICROCOMPUTER 



FIG. 1 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP_ 



_1388859A1J_> 



1 EP 1 

Description 

, [9,001] The present invention relates to an information 
. reproducing apparatus and method such as a DVD play- 
er, a; CD (Compact Disc) player or the like, and further 
relates to an error correction system for the information 
reproducing apparatus. 

[0002] ; Typically in the information reproducing appa- 
ratus such as a DVD player, a CD player or the like, a 
light beam to read information is irradiated from a laser 
device in an optical pickup onto an information recording 
medium such as a DVD, a CD or the like. A photodetec- 
tor in the optical pickup receives the reflection light from 
a recording surface of the information recording medium 
to output a RF (Radio Frequency) signal and the like. 
The outputted RF signal is subjected to an equalizing 
processing and further to a binarization processing, a 
decoding processing, an error correction process and 
so on. Thereby, the output data through the error cor- 
rection is obtained. 

[0003] Specifically, the correction process may be of 
a scheme using the error correction data indicating the 
sum of data values in each row or in each column of the 
error correction data block arranged in a matrix of a cer- 
tain range of the record data, the error correction data 
being recorded in addition to the record data. For the 
sake of convenience, herein, the error correction using 
the error correction data, which indicates the sum of da- 
ta values in each row (i.e., each alignment in a lateral 
or horizontal direction), is referred to as a "C1 correc- 
tion", while the error correction using the error correction 
data, which indicates the sum of data values in each col- 
umn (i.e., each alignment in a longitudinal or vertical di- 
rection), is referred to as a "C2 correction". 
[0004] Alternatively, there are other kinds of known er- 
ror corrections such as a "multiple correction" represent- 
ed by a "double correction" for executing the error cor- 
rection using the error correction data or the record sig- 
nal obtained as a result of a double reading by repeating 
a data reading twice with respect to the same recording 
area, or a "quadruple correction" for executing the error 
correction using the error correction data or the record 
signal obtained as a result of a quadruple reading by 
repeating a data reading four times with respect to the 
same recording area. 

[0005] Nevertheless, in the conventional information 
reproducing apparatus mentioned above, only one 
among the error correction schemes is employed for the 
same kind of recording medium or the individual infor- 
mation reproducing apparatus. Similarly, the repeating 
number of the multiple correction is fixed with regard to 
the same kind of recording medium or the individual in- 
formation reproducing apparatus. Additionally, parame- 
ters to define reproducing conditions for the information 
reproducing apparatus, such as a rotation number of a 
spindle motor, a characteristics setting of the equalizer 
and the like, are inherently fixed with regard to the same 
kind of recording medium or the individual information 
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reproducing apparatus, 

[0006] As a result, in spite of retrying the error correc- 
tion by repeating the processes after the data reading, 
or increasing the volume of data as the basis of the error 

5 correction, immediately after the failure in obtaining the 
satisfactory result of the first error correction, the im- 
provement in an error avoidance effect is extremely lim- 
ited due to a remained cause of errors, unless the cause 
of errors is eliminated or reduced. With regard to some 

10 causes of errors, the improvement in the error avoid- 
ance effect is hardly expected, rather demerits from re- 
peating the error correction, such as the increase in the 
processing time or the processing cost, become mani- 
fest. 

is » [0007] As described above, the conventional informa- 
tion reproducing apparatus and method include the 
technical problem for the improvement in the error 
avoidance effect. 

[0008] The present invention has been accomplished 
20 in view of the above problems for example. It is therefore 
an object of the present invention to provide the infor- 
mation reproducing apparatus and method improved in 
the error avoidance effect, and further provide the error 
correction system for the information reproducing appa- 
25 ratus. 

[0009] The above object of the present invention can 
be achieved by an information reproducing apparatus 
provided with: a reading device for reading record infor- 
mation recorded on a recording medium and outputting 

30 a read signal; an error correcting device for executing 
an error correction process with respect to the outputted 
read signal and outputting output data through the error 
correction process corresponding to the record informa- 
tion; a memory device for buffering the output data; and 

35 a correction controlling device for altering the error cor- 
rection process in the error correcting device depending 
on a memory status of the memory device, if in the error 
correcting device, an error is detected in the read signal 
and/or if an error ratio of the error becomes greater than 

40 a predetermined threshold value, wherein the memory 
device outputs at least temporarily the output data 
through the error correction process that is altered by 
the correction controlling device, if the error is detected 
and/or if the error ratio becomes greater than the pre- 

45 determined threshold value. 

[0010] The above object of the present invention can 
be also achieved by an information reproducing method 
provided with the processes of: reading record informa- 
tion recorded on a recording medium and outputting a 

so read signal; executing an error correction process with 
respect to the outputted read signal and outputting out- 
put data through the error correction process corre- 
sponding to the record information; buffering the output- 
ted output data using a memory device; and altering the 

55 error correction process depending on a memory status 
of the memory device, if in the error correcting process, 
an error is detected in the read signal and/or an error 
ratio of the error becomes greater than a predetermined 
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threshold value, wherein the output data through the er- 
, ro,r correction process that is altered at the altering proc- 
ess js '.outputted at least temporarily from the memory 
device],. If the error is detected and/or if the error ratio 
becomes greater than the predetermined threshold val- 5 
ue. | 

[0.011] ; The above object of the present invention can 
be also achieved by an error correction system provided 
for an information reproducing apparatus having a read- 
ing device for reading record information recorded on a 10 
recording medium and outputting a read signal, the error 
correction system provided with: an error correcting de- 
vice for executing an error correction process with re- 
spect to the outputted read signal and outputting output 
data through the error correction process corresponding 15 
to the record information; a memory device for buffering 
the outputted output data; and a correction controlling 
device for altering the error correction process in the er- 
ror correcting device depending on a memory status of 
the memory device, if in the error correcting device, an 20 
error is detected in the read signal and/or if an error ratio 
of the error becomes greater than a predetermined 
threshold value, wherein the memory device outputs at 
least temporarily the output data through the error cor- 
rection process that is altered by the correction control- 25 
ling device, if the error is detected and/or if the error ratio 
becomes greater than the predetermined threshold val- 
ue. 

[0012] The nature, utility, and further features of this 
invention will be more clearly apparent from the follow- 30 
ing detailed description with reference to preferred em- 
bodiments of the invention when read in conjunction 
with the accompanying drawings briefly described be- 
low. 

35 

FIG. 1 is a block diagram showing an information 
reproducing apparatus according to a first embodi- 
ment of the present invention. 
FIG. 2 is a block diagram showing an information 
reproducing apparatus according to a second em- *o 
bodiment of the present invention. 
FIG. 3 is a block diagram showing an information 
reproducing apparatus according to a third embod- 
iment of the present invention. 
FIG. 4 is a block diagram showing an information 
reproducing apparatus according to an Example of 
the present invention. 

FIG. 5 is a flow chart showing an exemplary oper- 
ation when a DVD as an optical disc is reproduced 
according to the Example of the present invention, so 
FIG. 6 is a flow chart showing an exemplary oper- 
ation when a CD as an optical disc is reproduced 
according to the Example of the present invention. 

[001 3] The embodiments of the information reproduc- 55 
ing apparatus according to the present invention will 
now be discussed, referring to drawings. In the embod- 
iments, the information reproducing apparatus accord- 



ing to the present invention is applied to the reproducing 
apparatus for optical discs such as a CD player, a DVD 
player or the like. The embodiments include an embod- 
iment of the error correction system according to the 
present invention. Further in the embodiments, an em- 
bodiment of the information reproducing method ac- 
cording to the present invention is performed. 

(First Embodiment) 

[0014] Firstly, the construction of the information re- 
producing apparatus in the first embodiment will be now 
discussed, referring to FIG. 1 . FIG. 1 is a block diagram 
showing the firsi embodiment. 
[0015] In FIG. 1 , the information reproducing appara- 
tus is provided with an optical pickup 11 as an example 
of the reading device, an RF equalizer (RFEQ) 13, an 
error correction circuit 15 as an example of the error cor- 
recting device, a buffering memory device 17 as an ex- 
ample of the memory device, a microcomputer 20 as an 
example of the correction controlling device, and a spin- 
dle motor 19 for rotating an optical disc 1 00 as an ex- 
ample of the recording medium. 
[0016] The optical pickup 11 includes a semiconduc- 
tor laser device and a photodetector to irradiate a read- 
ing light beam LB onto the recording surface of the op- 
tical disc 100 and detect the reflection or transmission 
of the light. Thereby, the information recorded on the op- 
tical disc 1 00 is read to be outputted as a read signal Sr. 
[0017] The RF equalizer 13 has a frequency depend- 
ent gain characteristics so as to apply a variable gain, 
depending on the frequency of the read signal Sr, onto 
the read signal Sr. For example, if the optical disc 100 
is a CD, the gain for the read signal Sr having the time 
length of 3T is increased to 3dB, with respect to the read 
signal Sr with in a range variable from 3T to 1 1 T (wherein 
T denotes a minimum unit time length due to a pit). If 
the optical disc 1 00 is a DVD, the gain for the read signal 
Sr having the time length of 3T is increased to 3dB, with 
respect to the read signal Sr is within a range variable 
from 3Tto 1 4T. The RF equalizer 1 3 is arranged to alter 
the cutoff frequency of the read signal Sr depending on 
the optical disc 1 00. Thereby, regardless of the frequen- 
cy of the read signal Sr, a stable signal detection is pos- 
sible at the later stage. 

[0018] The error correction circuit 15 is operative to 
execute the error correction process and the decoding 
processing with respect to the read signal Seq already 
equalized and outputted from the RF equalizer 13, and 
operative to output an output data D1 through the error 
correction process corresponding to the record informa- 
tion recorded on the optical disc 1 00. For example, if the 
optical disc 1 00 is a DVD, an 8-1 6 decoding correspond- 
ing to an 8-16 encoding and an interleave are executed 
for each physical sector, and the error correction proc- 
ess is executed for each ECC (Error Correction Code) 
block. If the optical disc 1 00 is a CD, an EFM (Eight Four- 
teen Modulation) decoding is executed and the error 
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correction process is executed for each frame. 
[0019] As the error correction circuit 15 decodes the 
read signal Seq to thereby generate the data in the unit 
of the ECC block, the parity is appended to this data in 
the unit of the ECC block. The error correction in the 
error correction circuit 15 is executed in a combination 
of the C1 correction for rows (transversal direction) and 
the C2 correction for columns (vertical direction) based 
on the ECC block. More specifically, one ECC block is 
made of rows of 182 bytes and columns of 208 bytes, 
and correctable up to 5 bytes in a row. Such a correction 
is executed as the C1 correction (which is also referred 
to as "PI (Parity of Inner-code) correction") for all 208 
rows. Incidentally, in a case of errors more than 5 bytes 
in a row, the correction of the row is impossible. On the 
other hand, errors can be corrected up to 1 6 bytes in a 
column. Such a correction is executed as the C2 cor- 
rection (which is also referred to as "PO (Parity of Outer- 
code) correction") for all 182 columns. Incidentally, in a 
case of errors more than 16 bytes in a column, the cor- 
rection of the column is impossible. 
[0020] Under control of the control signal Sc5 from the 
microcomputer 20, the error correction circuit 15 can 
change at least one of the correction scheme such as 
the C1 correction or the C2 correction and the repeating 
correction number (i.e., the number of times of repeating 
the correction) such as the double correction or the 
quadruple correction. 

[0021] For example, the error correction circuit 15 
may retain a control bit, which is to select either one of 
predetermined different correction methods, within the 
inner register thereof, or may retain a control bit, which 
is to determine the repeating correction number, within 
the inner register thereof. Further, these control bit may 
be altered or rewritten by the control signal Sc 5 from 
the microcomputer 20. For example, the control bit may 
be changed from a bit configuration "0000", which indi- 
cates the method of executing the C2 correction after 
the C1 correction, to a bit configuration "1000", which 
indicates the method of executing the C1 correction af- 
ter the C2 correction. Alternatively, the change from a 
bit configuration "001 0", which indicates the double cor- 
rection, to a bit configuration "01 00", which indicates the 
quadruple correction is possible. 
[0022] Furthermore, the error correction circuit 15 is 
arranged to output error information De, which indicates 
the error generation status, to the microcomputer 20, 
regularly or irregularly. The error information De may be 
a kind of information indicating the total number of cor- 
rections or the number of the uncorrectable rows in the 
result of the C1 correction for each ECC block, or an- 
other kind of information indicating the total number of 
corrections or the number of the uncorrectable columns 
in the result of the C2 correction for each ECC block. 
[0023] Alternatively, if the optical disc 1 00 is a DVD, 
the error information De may be a kind of information 
indicating the EDC (Error Detecting Code) error gener- 
ation in the case of the existence of at least one uncor- 
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rectable row or column in one ECC block, or may be 
another kind of information indicating no EDC (Error De- 
tecting Code) error generation in the case of non-exist- 
ence of uncorrectable row or column in one ECC block. 

5 For example, if the optical disc is a CD, the error infor- 
mation may be a kind of information indicating an error 
ratio, i.e. a ratio of the number of error frames to the 
number of the total frame within a predetermined time 
unit, or may be another kind of information indicating the 

10 number of error frames within a predetermined time unit. 
Such an EDC error generation or an error ratio may be 
calculated at the error circuit 15, or may be calculated 
at the microcomputer 20, on the basis of the error infor- 
mation De. 

15 [0024] The buffering memory device 17 is operative 
to buffer the output data D1 outputted from the correc- 
tion circuit 15. If no error is detected in the read signal 
Seq at the error correction circuit 15 or the error ratio is 
no greater than a predetermined threshold value, the 

20 buffering memory 17 outputs the output data D1 after 
buffering into the successive circuit such as a decoder, 
as the output data Dout. Further, the buffering memory 
device 1 7 Is operative to output memory status informa- 
tion Dm, which indicates the memory status i.e., the data 

25 amount or level of residual data in the buffering memory 
device, which can be used from the buffering memory 
device, into the microcomputer 20, regularly or irregu- 
larly. 

[0025] The microcomputer 20 is operative to judge 

30 whether or not any error is detected in the read signal 
Seq and/or whether or not the error ratio is greater than 
the predetermined threshold value, on the basis of the 
error information De from the error correction circuit 1 5. 
If any error is detected in the read signal Seq and/or if 

35 the error ratio is greater than the predetermined thresh- 
old value, the microcomputer 20 controls the error cor- 
rection circuit 15 using the control signal Sc5, so as to 
alter the error correction process in the error correction 
circuit 1 5, depending on the memory status, which is in- 

40 dicated by the memory status information Dm. 

[0026] Furthermore, the microcomputer 20 is ar- 
ranged to control the buffering memory device 1 7 using 
the control signal Sc7, in such a manner that the buffer- 
ing memory device 1 7 outputs the output data D1 , which 

45 has already been altered in the error correction process, 
as the output data Dout at least temporarily after buffer- 
ing thereof, if any error is detected in the error correction 
circuit and/or if the error ratio is greater than the prede- 
termined threshold value. 

so [0027] Incidentally, the buffering memory device 1 7 is 
operative to abandon the output data D1 in the case of 
the error being detected and/or in the case of the error 
ratio being greater than the predetermined threshold 
value. Nevertheless, instead of abandoning, the output 

55 data D1 may be used for the later error correction proc- 
ess together with the read signal Seq obtained after al- 
tering the error correction process or the repeating cor- 
rection number. 
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[0028] The microcomputer 20 preferably alters at 
least one of the correction scheme and the repeating 
correction number in the error correction process so as 
to prevent the memory status (i.e., the data amount or 
level of the residual data in the buffering memory device 
1 7) indicated by the memory status information Dm from 
becoming zero (i.e., to preventthe buffering memory de- 
vice 17 from being empty). More specifically, the alter- 
ation to empty the buffering memory device 17 In the 
correction process is avoided, by performing an inverse- 
ly calculating operation from the memory status. There- 
fore, the microcomputer 20 terminates repeating the er- 
ror correction process before the memory status (i.e., 
the residual data) in the buffering memory device 1 7 be- 
comes zero, if any error is detected and/or if the error 
ratio is greater than the predetermined threshold value, 
after the error correction process is repeated to the 
same record information Seq more than one time. More 
preferably, the microcomputer 20 is operative to output 
the output data Dout, whose correction process is not 
completed, through the buffering memory device 1 7. 
[0029] Conversely speaking, the microcomputer 20 
alters repeatedly at least one of the correction scheme 
and the repeating correction number in the error correc- 
tion process, until no error is detected and/or until the 
error ratio becomes no greater than the predetermined 
threshold value, insofar as the memory status (i.e., the 
residual data) in the buffering memory device 17 does 
not become zero. That is, the error correction process 
that is altered by the microcomputer 20 is sequentially 
performed. The microcomputer 20 is arranged to reset 
the correction scheme or the repeating correction 
number in the error correction circuit to the predeter- 
mined default setting, if no error is detected and/or if the 
error ratio becomes no greater than the predetermined 
threshold value in the error correction circuit 15, after 
the error correction process that is the one altered by 
the microcomputer 20 is performed. 
[0030] The reproducing operation including the error 
correction according to the first embodiment will now be 
discussed. 

[0031] Firstly, the optical pickup 11 detects light re- 
flected or transmitted in response to the irradiation of 
the reading light beam LB onto the optical disc 1 00. The 
RF equalizer 1 3 applies the equalizing process onto the 
read signal Sr. 

[0032] Next, the error correction circuit 1 5 applies the 
decoding process and the error correcting process with 
respect to the equalized read signal Seq to thereby out- 
put the output data D1 to the buffering memory device 
1 7, while the error information De is outputted to the mi- 
crocomputer 20, regularly or irregularly. 
[0033] Then , the microcomputer 20 judges whether or 
not any error is detected in the read signal Seq and/or 
whether or not the error ratio becomes greater than the 
predetermined threshold value, on the basis of the error 
information De. 

[0034] In the reproducing operation, the buffering 



memory device 1 7 buffers the output data D1 . If no error 
of the read signal Seq is detected and/or if the error ratio 
becomes no greater than the predetermined threshold 
value from the first, with regard to the output data D1 
5 within the predetermined unit such as the error correc- 
tion data block, the output data D1 after buffering is out- 
putted to the successive circuit as the output data Dout. 
In the meantime, the memory status information Dm in- 
dicating the memory status is outputted to the micro- 
ti computer 20, regularly or irregularly. 

[0035] If the microcomputer 20 judges that any error 
in the read signal Seq is detected and/or that the error 
ratio is greater than the predetermined threshold value, 
the correction scheme or the repeating correction 

is number in the error correction process to be performed 
in the error correction circuit 15 is altered depending on 
the memory status indicated by the memory status in- 
formation Dm, under control of the control signal Sc5. 
For example, "a correction scheme in that the C2 cor- 

20 rection is performed after the C1 correction" as the de- 
fault correction process may be altered to "a correction 
scheme in that the C1 correction is performed after the 
C2 correction", "a correction scheme in that C2 correc- 
tion is performed after the C1 correction is performed 

25 further after the C2 correction" or "a correction scheme 
in that the C1 correction is performed after the C2 cor- 
rection is performed further after the C1 correction is 
performed still after the C2 correction", or may be al- 
tered from a "double correction" to a "quadruple correc- 

30 tion". Relating to this, the microcomputer 20 alters the 
correction scheme or the repeating correction number 
to prevent the memory status ( (i.e., the data amount or 
level of the residual data in the buffering memory device 
17) indicated the memory status information Dm from 

35 becoming zero. 

[0036] The buffering memory 1 7 abandons the output 
data D1 with any error being detected or the error ratio 
becoming greaterthan the predetermined threshold val- 
ue. Then, the buffering memory 1 7 buffers and outputs 

40 the output data D1 afterthe error correction process that 
is altered by the microcomputer 20 as the output data 
Dout. 

[0037] Particularly in this embodiment, the different 
error correction process in the altered correction 

45 scheme or the altered repeating correction number is 
attempted with respect to the same record information, 
instead of repeating the correction process in the same 
correction scheme or the same repeating correction 
number with respect to the same record information. As 

50 a result, as for a certain cause of error, the error can be 
avoided very effectively. Incidentally, although there re- 
mained the possibility of no improvement in the error 
avoidance effect by the alternation, the possibility of er- 
ror avoidance is very high by the alteration of the cor- 

55 rection scheme or the repeating correction number, 
since it is with regard to the record information with error 
remaining at the default correction scheme or repeating 
correction number. Conversely, with regardtothe record 
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information without error at the default correction 
scheme or repeating correction number, although the al- 
teration of the correction scheme or repeating correction 
. numberwould decrease the error avoidance effect, in 
6uch!a|case, there is in fact no need to alter the correc- 
tion scheme or repeating correction number. 
[0038] In this manner, the selective alteration of the 
correction scheme or repeating correction number per- 
formed only in the case of error generation inevitable 
with the default or initial error correction assists the im- 
provement in the error avoidance effect. 
[0039] Particularly in this embodiment, the error cor- 
rection process is altered depending on the memory sta- 
tus. Therefore, the alteration with almost full use of avail- 
able time is possible insofar as the buffering memory 
device 1 7 has available space, while the memory status 
(i.e., the data amount or level of the residual data in the 
buffering memory device) is prevented from becoming 
zero. For example, if the memory status is high at the 
error generation, it is useful to change temporarily the 
correction scheme to one involving more correction time 
or to increase the repeating correction number. Con- 
versely, if the memory status is low at the error genera- 
tion, it is useful to change temporarily the correction 
scheme to one involving less correction time, otherwise 
to decrease or not to increase the repeating correction 
number. In any case, the maximum or optimal alteration 
of the error correction process is possible, depending 
on the memory status prevented from becoming zero, 
resulting in the highly effective and remarkable improve- 
ment in the error avoidance effect. 
[0040] in this manner, if the alteration of the correction 
scheme or the repeating correction number in the error 
correction circuit 15 succeeds in the error correction 
process, the output data Dout obtained via the error cor- 
rection process is outputted from the buffering memory 
device 17. 

[0041] On the other hand, the microcomputer 20 ter- 
minates repeating the error correction process, before 
the memory status in the buffering memory device 1 7 
becomes zero, if any error is detected and/or if the error 
ratio becomes greaterthan the predetermined threshold 
value, after the error correction process is repeated with 
respect to the same record information Seq more than 
once. That is, in this case, the error correction is aborted. 
As for a certain kind of contents information, even if 
there is a little amount of data impossible of error cor- 
rection, it is often not sensed audiovisually by human at 
all or almost at all. Therefore, in practice, it is rather ef- 
fective to abort the error correction process for proceed- 
ing the reproduction, than timeout due to the failure in 
the error correction. 

[0042] Thus, according to the information reproducing 
apparatus of the embodiment, the buffering memory de- 
vice 1 7 is operative to output the output data Dout, which 
does not need any error correction from the beginning, 
or the output data Dout, which has been error-corrected 
by the error correction process. Alternatively, the output 



data Dout failed in the error correction with the correc- 
tion scheme or the repeating correction number being 
altered may be outputted. 

[0043] As discussed above, according to the present 
5 invention, the error avoidance effect is remarkably im- 
proved, when the optical disc 100 is reproduced in the 
information reproducing apparatus. 
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[0044] The construction of the information reproduc- 
ing apparatus according to the second embodiment will 
now be discussed, referring to FIG. 2. FIG. 2 is a block 
diagram showing the second embodiment. In FIG. 2, 

is components same as those of the first embodiment 
shown in FIG. 1 carry the same reference numerals, and 
the explanations thereof are omitted as appropriate. 
[0045] As shown in FIG. 2, according to the second 
embodiment, the signal processing device of the 

20 present invention is embodied in the RF equalizer 13. 
The microcomputer 20 is operative to output the control 
signal Sc5 to the RF equalizer 1 3 so as to alter the equal- 
izing processing (a kind of signal process) In the RF 
equalizer 1 3, depending on the memory status indicated 

25 by the memory status information Dm. For example, if 
the memory status (i.e., the data amount or level of the 
residual data in the buffering memory device) is in a pre- 
determined appropriate range, the gain for the read sig- 
nal Sr having the time 3T is raised from 3 dB to 6 dB in 

30 the equalizing processing or the cutoff frequency is 
changed. In this case, the error correction may be al- 
tered similar to the first embodiment or may not be al- 
tered. More preferably, several cases are assumed de- 
pending on the memory status: in one case, the equal- 

35 izing processing is altered; in the other case, the error 
correction process is altered. Although the correction 
control may be more complicated depending on the 
numbers of assumed cases, each case may be further 
divided into three or more sub-cases. Other construc- 

40 tions are the same as the first embodiment shown in 
FIG. 1. 

[0046] Particularly in this embodiment, the error cor- 
rection process is attempted again with respect to the 
same record information after the characteristics of the 
45 equalizing processing is altered, instead of repeating 
the error correction process under the same reproduc- 
ing condition with respect to the same record informa- 
tion. As a result, as for a certain cause of errors, the 
error generation is avoided very effectively. Particularly, 
so with regard to the record information with the error being 
generated by the default equalizing processing, the pos- 
sibility of the error avoidance by altering the character- 
istics of the equalizing processing is very high. 
[0047] Thus, the selective alteration of the character- 
's istics in the equalizing processing and/or the error cor- 
rection process to be performed only in the case of the 
error generation inevitable with the default error correc- 
tion assists the total improvement in the error avoidance 
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. (oip48] ( Particularly in this embodiment, further, the 
squaring processing or the error processing is altered 
depejniing on the memory status. Therefore, the various 
alterations with full use of available time are possible 5 
insofar as the buffering memory device 17 stores the 
available data, while the memory status (i.e., the amount 
or, level of the data stored in the buffering memory de- 
vice) Is prevented from becoming zero. For example, if 
the memory status is high at the error generation, it is 10 
useful to change temporarily the equalizing processing 
to one involving more equalizing time or the correction 
scheme to one involving more correction time otherwise 
to increase the repeating correction number. Converse- 
ly, If the memory status is low at the error generation, it 15 
is useful to change temporarily the correction scheme 
to one involving less correction time while the equalizing 
processing is not altered, otherwise to decrease the re- 
peating correction number. In any case, the maximum 
or optimal alteration of the error correction process or 20 
the equalizing processing is possible, depending on the 
memory status within a range to prevent it from becom- 
ing zero, resulting in the highly effective and remarkable 
improvement in the error avoidance effect. 
[0049] As discussed above, according to the present 25 
invention, the error avoidance effect is remarkably im- 
proved, when the optical disc 100 is reproduced in the 
information reproducing apparatus. 
[0050] Incidentally, the RF equalizer according to the 
present invention capable of changing the gain, charac- 30 
teristics depending on the frequency may be the type 
capable of changing such a gain characteristics set in a 
digital mode with a bit setting from the microcomputer. 
For example, a bit setting "0000" for 3 dB may be 
changed to. a bit setting "001 0" for 6 dB under control of 35 
the microcomputer, as appropriate. 

(Third Embodiment) 

[0051] The construction of the information reproduc- 40 
ing apparatus according to the third embodiment will 
now be discussed, referring to FIG. 3. FIG. 3 is a block 
diagram showing the third embodiment. In FIG. 3, com- 
ponents same as those of the first embodiment shown 
in FIG. 1 carry the same reference numerals, and the 
explanations thereof are omitted as appropriate. 
[0052] As shown in FIG. 3, according to the third em- 
bodiment, the controllable moving device of the present 
invention is embodied in the spindle motor 19. The mi- 
crocomputer 20 is operative to output the control signal so 
Sc9 to the spindle motor 19 so as to alter the rotating 
number (as one kind of parameter) of the spindle motor 
19, depending on the memory status indicated by the 
memory status information Dm. For example, if the 
memory status is in a predetermined appropriate range, 55 
the rotating number of the spindle motor 1 9 may be de- 
creased from 4,000 rps (round per second) to 2,000 rps. 
In this case, the error correction may be altered similar 



to the first embodiment or may not be altered. More pref- 
erably, several cases are assumed depending on the 
memory status: in one case, the rotating number of the 
spindle motor is altered; in the other case, the error cor- 
rection process is altered. Incidentally, although the cor- 
rection control may be more complicated depending on 
the numbers of assumed cases, each case may be fur- 
ther divided into three or more sub-cases. Other con- 
structions are the same as the first embodiment shown 
in FIG. 1 . 

[0053] Particularly in this embodiment, the error cor- 
rection process is attempted again with respect to the 
same record information afterthe rotation number of the 
spindle motor 19 is changed, instead of repeating the 
error correction process under the same reproducing 
condition with respect to the same record information. 
As a result, as for a certain cause of error, the error gen- 
eration is avoided very effectively. Particularly, with re- 
gard to the record information with the error being gen- 
erated at the default rotating number, the possibility of 
the error avoidance by altering the rotating number is 
very high. 

[0054] Thus, the selective alteration of the rotation 
number of the spindle motor 1 9 and/or the error correc- 
tion process to be performed only in the case of the error 
generation inevitable with the default error correction 
assists the total improvement in the error avoidance ef- 
fect. 

[0055] Particularly in this embodiment, further, the ro- 
tation number of the spindle motor 19 or the error 
processing is altered depending on the memory status. 
Therefore, the various alterations with full use of avail- 
able time are possible insofar as the buffering memory 
device 17 stores the available data, while the memory 
status is prevented from becoming zero. For example, 
if the memory status is high at the error generation, it is 
useful to perform the time-consuming operation of 
changing the rotating number of the spindle motor 1 9 or 
to change the correction scheme to one involving more 
correction time, as well as to increase the repeating cor- 
rection number. Conversely, if the memory status is low 
at the error generation, it is useful to change temporarily 
the correction scheme to one involving less correction 
time while the rotation number of the spindle motor 19 
is not altered, as well as to decrease the repeating cor- 
rection number. In any case, the maximum or optimal 
alteration of the error correction process or the rotation 
number of the spindle motor 19 is possible, depending 
on the memory status within a range to prevent it from 
becoming zero, resulting in the highly effective and re- 
markable improvement in the error avoidance effect. 
[0056] As discussed above, according to the present 
invention, the error avoidance effect is remarkably im- 
proved, when the optical disc 1 00 is reproduced in the 
information reproducing apparatus. 
[0057] Incidentally, in the third embodiment, the con- 
trollable moving device is exemplified in the spindle mo- 
tor 19, but the controllable moving device may be em- 
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bodied, instead of the spindle motor 1 9, in a servo con- 
trol device for a focus actuator or tracking actuator dis- 
posed at the optical pickup 11 . In this case, a servo gain 
such as a focus servo gain or a tracking servo gain in 
the servo control device may be employed as the pa- 5 
rameter, instead of the rotation number In this arrange- 
ment, the selective alteration of the servo gains depend- 
ing on the memory status performed only in the case of 
the error generation inevitable with the default error cor- 
rection assists the improvement in the error avoidance 10 
effect. 

[0058] Alternatively, the controllable moving device 
may be embodied in a defect detector disposed at the 
signal reproducing pass. In this case, the defect setting 
condition may be employed as the parameter. In this ar- is 
rangement, only in the case of the error generation in- 
evitable with the default error correction, the selective 
alteration of the defect setting condition depending on 
the memory status assists the improvement in the error 
avoidance effect. Particularly, if the error is of caused by 20 
a flaw on the surface of the optical disc 100, the altera- 
tion of the defect setting condition is very effective to 
improve the error avoidance. 

(Other Variations) 25 

[0059] A combination of the second and third embod- 
iment mentioned above is possible. That is, the RFe- 
qualizer 13 as an example of the signal processing de- 
vice according to the second embodiment, and the spin- 30 
die motor 1 9 as an example of the controllable moving 
device according to the third embodiment otherwise the 
servo control device or the defect detector as other ex- 
amples of the controllable moving device according to 
the variation of the third embodiment may be provided 35 
in a combination of them, and the correction scheme or 
the repeating correction number in the error correction 
circuit 1 5, the characteristics of the RF equalizer 13, the 
rotation number of the spindle motor 19, or the servo 
gain may be altered in a desired combination for each 40 
case among the cases assumed depending on the 
memory status. 

[0060] In any combination, the alteration depending 
on the memory status assists the total improvement in 
the error avoidance effect very effectively. 45 
[0061] Incidentally, in the embodiment mentioned 
above, although discussed about the case in that the 
rotation number of the spindle motor 19 is decreased, 
increasing the rotation number is possible. For example, 
if the error is caused by the high rotation number, it is so 
useful to decrease the rotation number. Conversely, it is 
useful to increase the rotation number, if there is a pos- 
sibility of improvement in the error avoidance effect by 
shortening the apparent length of flaws on the surface 
of the optical disc 1 00. As long as the memory status in 55 
the buffering memory device 1 7 allows, first the error 
correction with the lowered rotating number may be re- 
tried, and then the error correction with the raised rotat- 
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ing number may be re-tried, if the error is not avoid by 
the precedent error correction. Particularly if the error 
cause is unknown, it is useful to retry the error correction 
with the various reproducing conditions, for example, 
raising the rotation number after lowering. 

(Examples) 

[0062] The Examples of the information reproducing 
apparatus according to the present invention will now 
be discussed, referring to FIG. 4 to FIG. 6. FIG. 4 is a 
block diagram showing an Example. In FIG. 4, compo- 
nents same as those of the first to third embodiments 
indicated by FIG. 1 to FIG. 3 carry the same reference 
numerals, and the explanations thereof are omitted as 
appropriate. FIG. 5 is a flow chart illustrating an exem- 
plary operation when a DVD as an optical disc is repro- 
duced in the Example. FIG. 6 is a flow chart illustrating 
an exemplary operation when a CD as an optical disc is 
reproduced in the Example. 

[0063] In FIG. 4, the information reproducing appara- 
tus is provided with the optical pickup 11 , the RF equal- 
izer 13, the error correction circuit 15, the buffering 
memory device 1 7, the microcomputer 20 and the spin- 
dle motor 1 9 same as the above embodiments, and fur- 
ther provided with a binary circuit 14, a decoder 22, an 
operation unit 25, a display unit 26 and a servo controller 
28. 

[0064] The binary circuit 14 is arranged to binarize 
(digitalize) the equalized read signal Seqa outputted 
from the RF equalizer 13 and arranged to output the 
read signal Seqb, which has a rectangular shape, to the 
error correction circuit 1 5. The error correction circuit 1 5 
is for performing the error correction process with re- 
spect to the read signal Seqb, similarly to either one of 
the above first to third embodiments. 
[0065] The decoder 22 is for decoding the output data 
Dout outputted from the buffering memory device 1 7 to 
output (export) the contents data such as audio data or 
video data. Alternatively, the decoder 22 may be ar- 
ranged to output such contents data to a D/A converter, 
an amplifier or the like, any of which is integrated within 
the information reproducing apparatus. 
[0066] The operation unit 25 includes various switch- 
es, keys, a touch panel or a remote controller to serve 
as an interface to give a command relating to the repro- 
duction of the optical disc 100. 

[0067] The display unit 26 may be a small LCD (Liquid 
Crystal Display), an EL (ElectroLuminescence) display 
or the like to display various type of information such as 
the operating condition of the information reproducing 
apparatus, the contents information of the optical discs 
100 or the like. 

[0068] The servo controller 28 is for the various servo 
operations, such as the control of the tracking actuator 
(T-actuator) 11a, the focus actuator (F-actuator) 11b in 
the optical pickup 11, a slider in a slider motor (not 
shown) and the spindle in the spindle motor 1 9, under 
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control of the control signal Sc1 for the servo control 
, from the microcomputer 20. 
[0069] Also within the microcomputer 20, an error 
ju'dgfog.portion 20a for the judgement on the basis of 
the error information De from the error correction circuit 5 
15 is logically constructed as well as a memory status 
judging,portion 20b for the judgement in each case de- 
pending on the memory status on the basis of the mem- 
ory status information Dm from the buffering memory 
device 17. 10 
[0070] The error judging portion 20a is operative to 
judge whether or not any EDC error is detected in one 
ECC block, on the basis of the error information De, for 
example, if the optical disc 100 is a DVD, on the basis 
of the error existing in the read signal Seqb. Alternative- is 
ly, for example, if the optical disc is a CD, the error judg- 
ing portion 20a may judge whether or not the error ratio 
in the read signal Seqb becomes greater than the pre- 
determined threshold value. The memory status judging 
portion 20b is arranged to judge whether the memory 20 
status (i.e., the residual data) in the buffering memory 
device 1 7 is no less than 50% of the whole memory, less 
than 50% and no less than 30%, less than 30% and no 
less than 10%, or less than 10%. 

[0071 ] Next, an exemplary operation when a DVD as 25 
an optical disc 100 is reproduced according to the 
above-mentioned Example will be discussed, with refer- 
ring to FIG. 5. It is noted that the information reproducing 
apparatus according to the present invention may be 
embodied in a DVD player, or may be embodied in a 30 
CD/DVD compatible player. In addition to the reproduc- 
ing function, a recording function may be provided, if de- 
sired. 

[0072] Firstly in FIG. 5, an initial setting is executed 
to select the alteration to be performed against the error 35 
generation inevitable with the Initial error correction at 
least by the microcomputer 20, from among the rotation 
number of the spindle motor 1 9, the frequency depend- 
ent gain characteristics and the cutoff frequency of the 
RF equalizer 13, the error scheme and the repeating 40 
correction number in the error correction circuit 15, the 
servo gain in the servo controller 28 and the defect set- 
ting in the defect detector (not shown) (step 11). 
[0073] Next, a data reading from the optical disc 1 00 
is executed by the optical pickup 1 1 , the RF equalizer *5 
13, the binary circuit 14, the error correction circuit 15 
and so on. In the meantime, an EDC error monitoring is 
executed by the error correction circuit 15 and the error 
judging portion 20a (step S12). 

[0074] The "EDC (Error Detection Code) error" herein 50 
means an error in the "ECC data" as the data unit for 
the error correction of the DVD. That is, two cases can 
be considered as the result of the error correction on the 
basis of the ECC data: (i) all of the ECC data can be 
identified, i.e. the data failed in the correction through 55 
the predetermined error correction does not exists; or 
(ii) all or part of the ECC data can not be identified, i.e. 
the data failed in the correction through the predeter- 



mined error correction exists. 
[0075] In reproducing, a command input via the oper- 
ation unit 25 to terminate the reproduction is performed, 
or the command recorded in the reproduced data to ter- 
minate the reproduction is detected (step S13). if the 
terminate command is inputted or detected (step S13: 
YES), a series of reproduction procedure is terminated. 
[0076] On the other hand, if the terminate command 
is not detected (step S13: NO), the error judging portion 
20a judges whether or not the EDC error is caused (step 
S14). If the error that is caused at the present can be 
corrected through the error correction In the error cor- 
rection circuit 15 under conditions that is preset at the 
step S1 1 , i.e. if the error avoidance effect is sufficient to 
correct the error at the present, it is judged that the EDC 
error is not caused (step S 1 4: NO). In this case, the proc- 
ess goes back to the step S1 2 to continue the data read- 
ing and the EDC error monitoring, 
[0077] Conversely, the error that is caused at the 
present can not be corrected through the error correc- 
tion in the error correction circuit 15 under conditions 
that Is preset at the step S1 1 , i.e. if the error avoidance 
effect is not sufficient to correct the error at the present, 
it is judged that the EDC error is caused (step S14: 
YES). In this case, the memory status judging portion 
20b executes the memory status judging at the steps 
S15toS17, as follows. 

[0078] That is, firstly, it is judged whether or not the 
memory status (i.e., the data amount or level of the re- 
sidual data in the buffering memory device) is not less 
than 50% of the whole memory capacity, on the basis 
of the memory status information Dm (step S15). If the 
memory status is less than 50% (step S15: NO), it is 
judged whether or not the memory status is not less than 
30% (step S16). In other words, it is judged whether or 
not the memory status is less than 50% and not less 
than 30%. If the memory status is less than 30% (step 
S1 6: NO), it is judged whether or not the memory status 
is not less than 10% (step S17). In other words, it is 
judged whether or not the memory status is less than 
30% and not less than 10%. 

[0079] At the step S15, if the memory status is not less 
than 50% (step S1 5: YES), the buffering memory device 
1 7, which may have the capacity of 4 megabits, 1 6 meg- 
abits etc., is in a state near fully stored. There is a rela- 
tively long period of time such as for a few to over ten 
seconds, depending on the memory size, until the buff- 
ering memory 1 7 becomesempty (i.e., until the residual 
data in the buffering memory 1 7 becomes zero). There- 
fore, in this case, the rotation number of the spindle'mo- 
tor 19, which takes a relatively long period in the order 
of one second or less and tends to influence the error 
cause in a rather great extent, is altered (step S1 8). For 
example.in case of the approximately 4,000 rps as the 
initial setting or the normal setting value, the rotation 
number may be decreased to 2,000 rps. Alternatively, it 
may be increased to 6,000 rps. 
[0080] On the other hand, at the step S1 6, ifthemem- 
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ory status is not less than 30% (step S1 6: YES), the buff- 
ering memory device 1 7 is in a state rather far from full- 
stored. There is a fairly long period of time such as for 
a few seconds, depending on the memory size, until the 
buffering memory becomes empty. Therefore, in this s 
case, the gain characteristics of the RF equalizer 13 or 
the cutoff frequency, which takes a certain period of time 
approximately from a few microseconds to less than one 
second and tends to influence the error cause in a rather 
great extent, is altered (step S1 9). For example, in case 10 
of the lower gain in the order of 3 dB as the initial setting 
or the normal setting value, the gain may be increased 
to the higher gain in the order of 6 dB. 
[0081] On the other hand, at the step S1 7, if the mem- 
ory status is not less than 10 % (step S17: YES), there 1$ 
is in the buffering memory device 17 a short period of 
time approximately from a few microseconds to less 
than one second until the buffering memory becomes 
empty, depending on the memory size. Therefore, in this 
case, at least one of the correction scheme and the re- 20 
peating correction number in the error correction circuit 
15, which takes the short period in the order of a few 
microseconds and tends to influence the error cause in 
a rather great extent, is altered (step S20). For example, 
in case of the combination of the C2 correction after the 25 
C1 correction as the initial setting or the normal setting 
scheme, it may be altered to another combination of the 
C2 correction as first, the C1 correction as second and 
the C2 correction as third. 

[0082] After the alteration in either one of the steps 30 
S18 to S20, the data reading is executed again by the 
optical pickup 11 , the RF equalizer 13, the binary circuit 
14, the error correction circuit 1 5 and so on with respect 
to the data in the ECC block failed in the precedent error 
corrections. In the meantime, the error correction circuit 35 
1 5 and the error judging portion 20a check the EDC error 
(step S21). 

[0083] Next, the error judging portion 20a judges 
whether or not the EDC error is caused (step S22). If 
the error that is caused at the present can be corrected 40 
through the error correction in the error correction circuit 
15 under conditions that is altered in either one of the 
steps S1 8 to S20, i.e. if the error avoidance effect is suf- 
ficient to correct the error at the present, it is judged that 
the EDC error is not caused (step S22: NO). In this case, *5 
the process goes to the step S26 to reset the conditions 
altered in either one of the steps S1 8 to S20 (step S26) 
and goes back to the step 1 2 to continue the data read- 
ing of the data to be read successively and the EDC er- 
ror monitoring. 50 
[0084] Conversely, if the error that is caused at the 
present can not be corrected through the error correc- 
tion in the error correction circuit 15 under conditions 
that is altered in either one of the steps S1 8 to S20, i.e. 
if the error avoidance effect is not sufficient to correct 55 
the error at the present, it is judged that the EDC error 
is caused (step S22: YES). In this case, the process 
goes back to the step S15 to repeat the above-men- 
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tioned steps S15 to S22. 

[0085] On the other hand, the buffering memory de- 
vice 1 7 is becoming empty (i.e., the residual data in the 
buffering memory device 17 becomes zero) while the 
alteration in either one of the steps S1 8 to S20 and the 
data reading at the step S21 are repeated. Therefore, if 
the error correction with respect to an ECC block is im- 
possible, it is judged that the memory status is less than 
10% (step S1 7: NO). In this case, to prevent the buffer- 
ing memory device 1 7 from becoming empty, the data 
reading is executed again by the optical pickup 11 , the 
RF equalizer 13, the binary circuit 14, the error correc- 
tion circuit 15 and so on with respect to the ECC data 
failed in the precedent error correction. In this case, the 
process goes to the step S26, neglecting the EDC error 
(step S23). 

[0086] Incidentally, at the step S23, instead of repeat- 
ing the data reading, the process may go to the step 
S26, using the data already read in the precedent step 
without processing or abandonment. 
[0087] According to the present Example, as dis- 
cussed above, in case that the EDC error is caused dur- 
ing the reproduction of a DVD as the optical disc 100, 
since the rotation number of the spindle motor 19, the 
gain characteristics of the RF equalizer 13, or the cor- 
rection scheme/the repeating correction number in the 
error correction circuit 15 is selectively altered depend- 
ing on the memory status, the error avoidance effect can 
be remarkably and efficiently improved, with the aid of 
storage capacity of the buffering memory device 1 7. 
[0088] Next, an exemplary operation in case that a CD 
as the optical disc is reproduced according to the above- 
mentioned Example will be discussed, with referring to 
FIG. 6. The information reproducing apparatus accord- 
ing to the present invention may be embodied in a CD 
player, or may be embodied in a CD/DVD compatible 
player. In addition to the reproduction function, a record- 
ing function may be provided, if desired. 
[0089] In FiG. 6, steps same as those of the repro- 
ductive operation shown in FIG. 5 carry the same refer- 
ence numerals, and the explanations thereof are omit- 
ted as appropriate. 

[0090] Firstly in FIG. 6, the initial setting is performed, 
similar to the case of FIG. 5 (step S11). 
[0091 ] Next, the data reading is executed by the op- 
tical pickup 11, the RF equalizer 13, the binary circuit 
1 4, the error correction circuit 1 5 and so on. In the mean- 
time, the error correction circuit 1 5 and the error judging 
portion 20a execute the error ratio monitoring (step 
S32). 

[0092] The "error ratio" herein means a ratio, such as 
a ratio of error frame numbers to the total frame numbers 
within a predetermined time unit. If the error ratio be- 
comes greater than a predetermined threshold value, 
the generation of the error becomes so remarkable that 
the problem in the quality of the reproduced sound can 
be predicted for example. Therefore, if the error ratio 
becomes greater than the predetermined threshold val- 
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ue, the error correction is to be retried under an altered 
reproducing condition. In the Example, the concrete val- 
ue of the predetermined threshold value to judge the er- 
ror generation on the basis of the error ratio may be de- 
termined experimentally, empirically, logically or via a 5 
simulation, depending on the individual specification 
and/or ability of the information reproducing apparatus. 
[0093] Then, the terminate command judgement is 
executed, similar to the case of FIG. 5 (step S13). 
[0094] Next, if the terminate command is not inputted to 
or detected (step S1 3: NO), the error judging portion 20a 
judges whether or not the error ratio is getting worse, i. 
e. whether or not the error ratio based on the error in- 
formation De outputted from the error correction circuit 
1 5 becomes greater than the predetermined threshold 15 
value (step S34). If the error that is caused at the present 
can be corrected through the error correction in the error 
correction circuit 15 under conditions that is preset at 
the step S1 1 , i.e. if the error avoidance effect is sufficient 
to correct the error at the present, it is judged that the 20 
error ratio is not getting worse (step S34: NO). In this 
case, the process goes back to the step S32 to continue 
the data reading and the error ratio monitoring. 
[0095] Conversely, if the error that is caused at the 
present can not be corrected through the error correc- 25 
tion in the error correction circuit 15 under conditions 
that is preset at the step S11 , i.e. if the error avoidance 
effect is not sufficient to correct the error at the present, 
it is judged that the error ratio is getting worse (step S34: 
YES). In this case, similar to the case of FIG. 5, the 30 
memory status judgement in the steps S15 to S1 7 and 
the alteration in the steps S1 8 to S20 are executed. 
[0096] After the alteration in either one of the steps 
S18 to S20, the data reading is executed again by the 
optical pickup 1 1 , the RF equalizer 1 3, the binary circuit 35 
14, the error correction circuit 1 5 and so on with respect 
to the data failed in the precedent error corrections. In 
the meantime, the error correction circuit 15 and the er- 
ror judging portion 20a execute the error ratio checking 
(stepS41). 40 
[0097] Next, the error judging portion 20a judges 
whether or not the error ratio is getting worse (step S42) . 
If the error that is caused at the present can be corrected 
through the error correction in the error correction circuit 
15 under conditions that is altered in either one of the 
steps S1 8 to S20, i.e. if the error avoidance effect is suf- 
ficient to correct the error at the present, it is judged that 
the error ratio is not getting worse (step S42: NO). In 
this case, the process goes to the step S26 to reset the 
conditions altered in either one of the steps S1 8 to S20 
(step S26) and goes back to the step 32 to continue the 
data reading of the data to be read successively and the 
error ratio monitoring. 

[0098] Conversely, if the error that is caused at the 
present can not be corrected through the error correc- 
tion in the error correction circuit 1 5 under conditions 
that is altered in either one of the steps S1 8 to S20, i.e. 
if the error avoidance effect is not sufficient to correct 
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the error at the present, it is judged that the error ratio 
is getting worse (step S42: YES). In this case, the proc- 
ess goes back to the step S1 5 to repeat operation in the 
above-mentioned steps S15 to S22 and steps S41 and 
S42. 

[0099] On the other hand, the buffering memory de- 
vice 17 is becoming empty while the alteration in either 
one of the steps S1 8 to S20 and the data reading at the 
step S41 are repeated. Therefore, if the error correction 
with respect to data in an ECC block is impossible, it is 
judged that the memory status is less than 10% (step 
S1 7: NO). In this case, to prevent the buffering memory 
device 1 7 from becoming empty, the data reading is ex- 
ecuted again by the optical pickup 11 , the RF equalizer 
13, the binary circuit 14, the error correction circuit 15 
and so on with respect to the data failed in the precedent 
error correction. In this case, the process goes to the 
step S26, neglecting the error ratio (step S43). 
[0100] Incidentally, at the step S43, instead of repeat- 
ing the data reading, the process may go to the step 
S26, using the data that has been already read in the 
precedent step without processing or abandonment. 
[0101] In the above-mentioned embodiments, al- 
though the error ratio monitoring by the error correction 
circuit 15 and the error judging portion 20a has been 
discussed, the error ratio may be replaced by an error 
flag as the object of monitoring. The "error flag" herein 
is for indicating whether or not the error is corrected in 
the error correction, and for acting as an indicator of a 
fact that the error ratio becomes greater than the prede- 
termined threshold value. That is, the error flag is pro- 
vided, in case that the problem in the sound quality when 
reproduced with the remarkable generation of errors is 
predicted. For example, at the step S32 of the flow chart 
shown in FIG. 6, the flag indicating whether or not the 
error is corrected may be monitored. Furthermore, if the 
error that is caused at the present can not be corrected 
even repeatedly through the error correction in the error 
correction circuit 15 under conditions that is preset at 
the step S11 , i.e. if the error avoidance is not sufficient 
to correct the error at the present, it is detected that the 
flag indicating the failure in the error correction (the im- 
possibility of the error correction) at the step S34 exists. 
In this case, similar to the case of FIG. 5, the memory 
status judgment in the steps S15 to S17 and the altera- 
tion in the steps S18 to S20 are executed. 
[0102] According to the present Example, as dis- 
cussed above, since the rotation number of the spindle 
motor 19, the gain characteristics of the RF equalizer 
13, or the correction scheme/the repeating correction 
number in the error correction circuit 15 is selectively 
altered depending on the memory status, the error 
avoidance can be remarkably and efficiently improved, 
with the aid of storage capacity of the buffering memory 
device 1 7, even if the error ratio is getting worse during 
the reproduction of a CD as the optical disc 100. 
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Claims 

\ ■ 

1 V -An Information reproducing apparatus character- 
ized in thatsaid information reproducing apparatus 
; tdmprises: 

a reading device (11) for reading record infor- 
mation recorded on a recording medium (100) 
and outputting a read signal; 
an error correcting device (15) for executing an 
error correction process with respect to the out- 
putted read signal and outputting output data 
through the error correction process corre- 
sponding to the record information; 
a memory device (17) for buffering the output 
data; and 

a correction controlling device (20) for altering 
the error correction process in said error cor- 
recting device depending on a memory status 
of said memory device, if in said error correcting 
device, an error is detected in the read signal 
and/or if an error ratio of the error becomes 
greater than a predetermined threshold value, 

wherein said memory device outputs at least 
temporarily the output data through the error cor- 
rection process that is altered by said correction 
controlling device, if the error is detected and/or if 
the error ratio becomes greater than the predeter- 
mined threshold value. 

2. The information reproducing apparatus according 
to claim 1 , characterized in that the memory status 
of said memory device (1 7) indicates data amount 
or level of the output data presently stored in said 
memory device. 

3. The information reproducing apparatus according 
to claim 1 or 2, characterized in that 

said memory device (17) outputs a memory 
status information indicating the memory status to 
said correction controlling device (20), and 

said correction controlling device alters the er- 
ror correction process depending on the memory 
status indicated by the memory status information. 

4. The information reproducing apparatus according 
to any one of claims 1 to 3, characterized in that 

said error correcting device (15) outputs error 
information indicating the error detected in the read 
signal, and 

said correction controlling device (20) in- 
cludes a judging device for judging whether or not 
the error is detected and/or whether or not the error 
ratio becomes greater than the predetermined 
threshold value. 

5. The information reproducing apparatus according 



to any one of claims 1 to 4, characterized in that 

said information reproducing apparatus further 
comprises a signal processing device (1 3) for exe- 
cuting a certain kind of signal process with respect 
5 to the read signal before the error correction proc- 
ess, 

wherein said correction controlling device 
(20) alters the signal process in said signal process- 
ing device depending on the memory status in place 
io of or in addition to the error correction process, if 
the error is detected and/or if the error ratio be- 
comes greater than the predetermined threshold 
value. 

is 6. The information reproducing apparatus according 
to claim 5, characterized in that said signal 
processing device (13) includes an equalizer for ex- 
ecuting an equalizing process as the signal process 
with respect to the read signal. 

20 

7. The information reproducing apparatus according 
to claim 5 or 6, characterized in that said correc- 
tion controlling device (20) assumes two cases on 
the basis of a comparison of the memory status, 

25 which indicates data amount or level of the output 
data presently stored in said memory device (17), 
with a first predetermined value, and, in one case, 
alters the error correction process, and in the other 
case, alters the signal process. 

30 

8. The information reproducing apparatus according 
to any one of claims 1 to 4, characterized in that 
said information reproducing apparatus further 
comprises a variable moving device (1 9) capable of 

35 moving with a variable parameter to define a part of 
reproducing conditions for the information repro- 
ducing apparatus, 

wherein said correction controlling device 
(20) alters the parameter for said variable moving 

40 device depending on the memory status in place of 
or in addition to the error correction process, if the 
error is detected and/or if the error ratio becomes 
greater than the predetermined threshold value. 

45 9. The information reproducing apparatus according 
to claim 8, characterized in that said variable mov- 
ing device (1 9) includes a spindle motor for rotating 
the recording medium with a predetermined rotation 
number as the parameter. 

50 

10. The information reproducing apparatus according 
to claim 8 or 9, characterized in that said variable 
moving device (19) includes a servo control device 
for executing a servo control with respect to said 

55 reading device (11) with a predetermi ned servo gain 
as the parameter. 

11. The information reproducing apparatus according 
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24 



\ to any one of claims 8 to 1 0, characterized in that 
, ■ -said variable moving device (19) includes a defect 
: ' detecting device for executing a defect detection 
v/kh respect to the read signal under a predeter- 
mined defect setting condition as the parameter. 

12: The information reproducing apparatus according 
to any one of claims 8 to 11, characterized in that 
said correction controlling device (20) assumes two 
cases on the basis of a comparison of the memory 
status, which indicates data amount or level of the 
output data presently stored in said memory device, 
with a second predetermined value, and, in one 
case, alters the error correction process, and in the 
other case, alters the parameter. 

13. The information reproducing apparatus according 
to any one of claims 1 to 4, characterized in that 
said information reproducing apparatus further 
comprises: 

a signal processing device (13) for executing a 
certain kind of signal process with respect to 
the read signal before the error correction proc- 
ess; and 

a variable moving device (19) capable of mov- 
ing with a variable parameter to define a part of 
reproducing conditions for the information re- 
producing apparatus, 

wherein said correction controlling device 
(20) alters at least one of the signal process at the 
signal processing device and the parameter for said 
variable moving device depending on the memory 
status in place of or in addition to the error correction 
process, if the error is detected and/or if the error 
ratio becomes greater than the predetermined 
threshold value. 

14. The information reproducing apparatus according 
to claim 13, characterized in that said correction 
controlling device (20) assumes three cases on the 
basis of a comparison of the memory status, which 
indicates data amount or level of the output data 
presently stored in said memory device, with a first 
predetermined value as well as the memory status 
with a second predetermined value, and, in a first 
case, alters the error correction process, in a sec- 
ond case, alters the signal process, and in a third 
case, alters the parameter. 

15. The information reproducing apparatus according 
to any one of claims 1 to 14, characterized in that 
said correction controlling device (20) alters the er- 
ror correction process depending on the memory 
status, by altering at least one of a correction 
scheme and a repeating correction number of the 
error correction process. 
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16. The information reproducing apparatus according 
to any one of claims 1 to 15, characterized in that 
it is judged for each unit of data block for the error 
correction, which is set in advance, whether or not 
the error is detected and/or whether or not the error 
ratio becomes greater than the predetermined 
threshold value. 

17. The information reproducing apparatus according 
to any one of claims 1 to 1 6, characterized in that 
said correction controlling device (20) alters at ieast 
one of the error correction process, the signal proc- 
ess and the parameter, while preventing the mem- 
ory status, which indicates data amount or level of 
the output data presently stored in said memory de- 
vice (17), from becoming zero. 

18. The information reproducing apparatus according 
to any one of claims 1 to 1 7, characterized in that 
said correction controlling device (20) terminates 
repeating the error correction process and controls 
said memory device (17) to output the output data 
before the memory status, which indicates data 
amount or level of the output data presently stored 
in said memory device, becomes zero, if the error 
is detected and/or if the error ratio becomes greater 
than the predetermined threshold value, even after 
the error correction process is repeated a plenty of 
times with respect to the same record information. 

19. The information reproducing apparatus according 
to any one of claims 1 to 1 8, characterized in that 
said correction controlling device (20) repeats alter- 
ing until the error is not detected and/or until the er- 
ror ratio becomes less than the predetermined 
threshold value. 

20. The information reproducing apparatus according 
to any one of claims 1 to 1 9, characterized in that, 
if the error is not detected and/or if the error ratio 
becomes less than the predetermined threshold 
value after executing the error correction process 
with altering at least one of the error correction proc- 
ess, the signal process and the parameter, said cor- 
rection controlling device reset the altered one to 
an initial status thereof. 



21 . An information reproducing method characterized 
in that said information reproducing method corn- 
so prises the processes of: 



reading record information recorded on a re- 
cording medium (100) and outputting a read 
signal; 

executing an error correction process with re- 
spect to the outputted read signal and output- 
ting output data through the error correction 
process corresponding to the record informa- 
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tion; 

buffering the outputted output data using a 
memory device (17); and 
altering the error correction process depending 
on a memory status of said memory device, if 5 
in the error correcting process, an error is de- 
tected in the read signal and/or an error ratio of 
the error becomes greater than a predeter- 
mined threshold value, 

10 

wherein the output data through the error cor- 
rection process that is altered at said altering proc- 
ess is outputted at least temporarily from said mem- 
ory device, if the error is detected and/or if the error 
ratio becomes greater than the predetermined 1$ 
threshold value. 



22. An error correction system characterized in that 
said error correction system is provided for an infor- 
mation reproducing apparatus having a reading de- 20 
vice (1 1 ) for reading record information recorded on 
a recording medium ( 1 00) and outputting a read sig- 
nal, said error correction system comprising: 

an error correcting device ( 1 5) for executing an 25 
error correction process with respect to the out- 
putted read signal and outputting output data 
through the error correction process corre- 
sponding to the record information; 
a memory device (17) for buffering the output- 30 
ted output data; and 

a correction controlling device (20) for altering 
the error correction process in said error cor- 
recting device depending on a memory status 
of said memory device, if in said error correcting 35 
device, an error is detected in the read signal 
and/or if an error ratio of the error becomes 
greater than a predetermined threshold value, 

wherein said memory device outputs at least 40 
temporarily the output data through the error cor- 
rection process that is altered by said correction 
controlling device, if the error is detected and/or if 
the error ratio becomes greater than the predeter- 
mined threshold value. 45 
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